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ABSTRACT 
Rice cultivation in Iran has a special place and its cultivation area is about 640,000 ha. Soil salinization is one of 
the most factor in reducing of grain yields and cultivation of paddy rice. Currently, half of Iran's cultivated lands 
(9.5 million ha) are affected by salinity, which has a major impact on crop yields. For this purpose, an field 
experiment conducted with the use of microorganisms (Pseudomonas putida strain S34, Pseudomonas fluorescens 
strain R167, Arbuscular mycorrhizal fungi (AMF) (Rhizophagus irregularis), co-inoculation of P.putida + 
P.fluorescens + AMF, and a non-inoculated treatment as control) on two rice cultivars (Hashemi and Gilane) in 
saline and normal soil in north of Iran during the 2018 and 2019. The results showed interactions of microorganisms 
and soil condition could alleviate the adverse effects of salinity by decreasing H2O2 (14-71% in normal soil and 44-
281% in saline soil) and increasing catalase (CAT) activity (39.5-65% in Gilane and 45-61% in Hashemi), proline 
(17-46% in Gilane and 13.5-52% in Hashemi) and nitrogen (N) concentrations (12-27% in normal soil and 7-23% 
in saline soil) of leaves. Also microorganisms significantly increased tiller, panicle and grain number plant-1, and 
biological and grain yield (23-44.5% and 32.5-56% in normal and saline soil, respectively). Furthermore, the 
greatest mitigating effects were observed in treated by P.putida + P.fluorescens + AMF plants. This study indicated 
that P.putida + P.fluorescens + AMF synergistically mitigate harmful impacts of soil salinity in rice cultivars.  
Keywords: Catalase, H2O2, Mycorrhizal Fungi, Pseudomonas, Rice cultivars, Saline soil. 
Alívio da salinidade do solo nas características fisiológicas e agronômicas de cultivares de 
arroz utilizando fungos micorrízicos arbusculares e cepas de Pseudomonas em condições de 
campo 
RESUMO 
O cultivo de arroz no Irã tem um lugar de destaque e sua área de cultivo é de cerca de 640.000 ha. A salinização do 
solo é um dos principais fatores na redução da produção de grãos e no cultivo do arroz. Recentemente, metade das 
terras cultivadas do Irã (9,5 milhões de ha) é afetada pela salinidade, que tem um grande impacto no rendimento 
das culturas. Para esse fim, um experimento de campo foi conduzido com o uso de microrganismos [Pseudomonas 
putida estirpe S34, Pseudomonas fluorescens estirpe R167, fungos micorrízicos arbusculares (FMA) (Rhizophagus 
irregularis), co-inoculação de P.putida + P.fluorescens + FMA e um tratamento não inoculado como controle] em 
dois cultivares de arroz (Hashemi e Gilane) em solo salino e solo normal no norte do Irã, durante os anos de 2018 
e 2019. Os resultados mostraram interações entre os fatores microrganismos e condições do solo que poderiam 
aliviar os efeitos adversos da salinidade pelo decréscimo de H2O2 (14-71% no solo normal e 44-281% no solo 
salino) e aumento da atividade da catalase (CAT) (39,5-65% em Gilane e 45-61% em Hashemi), da prolina (17-
46% em Gilane e 13,5-52% em Hashemi) e do nitrogênio (N) (12-27% no solo normal e 7-23% no solo salino) nas 
folhas. Os microrganismos, também, aumentaram significativamente o número de perfilhos, panículas e grãos por 
planta-1, rendimentos biológicos e de grãos (23-44,5% e 32,5-56% no solo normal e salino, respectivamente). Além 
disso, os maiores efeitos mitigadores foram observados nas plantas tratadas com P.putida + P.fluorescens + FMA. 
Este estudo indicou que P.putida + P.fluorescens + FMA atenuam sinergicamente os impactos nocivos da 
salinidade do solo em cultivares de arroz. 
Palavras-chave: Catalase, H2O2, Fungos micorrízicos, Pseudomonas, Cultivares de arroz, Solo salino. 
R
e
v
is
ta
 d
e
 A
g
ri
c
u
lt
u
ra
 N
e
o
tr
o
p
ic
a
l 
26     Alleviation of soil salinity on rice cultivars physiological and agronomic traits using Arbuscular mycorrhizal fungi and… 
 
Revista de Agricultura Neotropical, Cassilândia-MS, v. 7, n. 1, p. 25-42, jan./mar. 2020. 
1. Introduction 
Rice (Oryza sativa L.) being the staple food of more 
than half of the world population, has been encountered 
higher production against increasingly demand (Kaur et 
al., 2016). Involving more than 640000 hectares of 
cultivation area plays important role in human feeding in 
Iran (Database of jahad-e-agriculture ministry, 2018). 
Salinity is one of the environmental stresses not only 
threatens plant growth but also determines distribution of 
the crops among various ecosystems (Ismail and Horie, 
2017). Nowadays, more than half of the cropland area of 
the country (9.5 million hectares) suffers from salinity 
which mainly results in reduction of crop yield and 
cultivation area (Nabiollahi et al., 2017). 
For many years, salinity has been considered as the 
most important limiting factor for rice cultivation 
worldwide (Ponnamperuma and Bandyopadhya, 1979; 
McWilliam, 1986). This crop is sensitive to salinity and 
the highest rate occurs during seedling and flowering 
stages (Hosseini et al., 2012). Also, high rates of 
evapotranspiration over the cropping season results in the 
severe damage of this stress (Zhang et al., 2010). Yield 
components of rice are intensely affected by salinity so 
that ear height, number of spikelet, single seed weight, 
and seed weight per plant, seed weight per ear, number 
of ear, fertility, and harvest index are significantly 
influenced by salinity (Rahman et al., 2016). 
Furthermore, various reports indicate increasing of the 
accumulation of ammonium and decreasing of the 
chlorophyll content of leaves on account of salinity stress 
(Hoai et al., 2005). Some findings are present in literature 
showing the high amounts of salts accumulated in plants 
and low rates of nitrogen absorption and biomass 
production (Ali et al., 2004; Singh and Sarkar, 2014; Jan 
et al., 2018). 
Salinity negatively impacts on number of tillers prior 
to spike emergence, and on number and weight of spike 
from three foliage through fertilization stage (Zeng et al., 
2003) but without effect on fertility percent and weight 
of stem and whitened seed (Gay et al., 2010). Castillo et 
al. (2007) illustrated that osmotic stress impact on ear 
fertility percent, 100 seed weight and yield over 
reproductive stage significantly is higher than growth 
stage.  
Oxidative stress is among physiological damages of 
salinity (Zhang et al., 2010). This stress is considered as 
a complicated physiological and phenological 
phenomenon which is caused by overproduction and 
accumulation of reactive oxygen species (ROS) occurred 
in higher plants (Ismail and Horie, 2017). Different types 
of ROS not only damage cells, but react as secondary 
messengers and play important role in transferring stress 
signs (Khaliq et al., 2015). In order to alleviate oxidative 
stress damages, plants benefit from anti-oxidation 
defense mechanisms including non-enzymatic 
compounds like carotenoids, tocopherol, flavonoids and 
also enzymatic substances such as superoxide dismutase 
(SOD), catalase (CAT), peroxidase (POX), ascorbate 
peroxidase (APX) and poly phenol oxidase (PPO). Plants 
with elevated levels of anti-oxidants possess high 
resistance against oxidative stress (Kibria et al., 2017) 
however; it seems that AMF would be a useful, 
inexpensive, sustainable and environmentally friendly 
substance to cope with salinity stress (Jiang et al., 2017; 
Luginbuehl et al., 2017) by increasing nutrient elements 
absorption efficiency as a result of symbiosis correlation 
with plant root system. 
Arbuscular mycorrhizal fungi (AMF, Phylum 
Glomeromycota) are important components of soil 
microbial communities. AMF form mutualistic 
associations with roots of most terrestrial plants, 
including many agricultural crops. In many agricultural 
plants, these mutualistic associations have shown the 
potential to increase crop productivity, thereby playing a 
key role in the functioning and sustainability of 
agroecosystems (Gianinazzi et al., 2010). The most 
important function of these symbiotic associations 
involves the transfer of nutrients such as organic carbon 
(C), in the form of sugars and lipids (Jiang et al., 2017; 
Luginbuehl et al., 2017), to the fungi by the plants, and 
the transfer of phosphorus (P) and nitrogen (N) to the 
plants by the fungi (Smith and Read, 2008). AMF-
mediated improvement in mineral uptake may lead to 
increased growth and development of plants, and may 
confer resistance to abiotic and biotic stress (Smith and 
Read, 2008; Gianinazzi et al., 2010; Liu et al., 2015). In 
addition to these benefits to plants, AMF may improve 
soil structure, ameliorate drought and salinity stress, and 
affect the diversity of plant communities (Mummey and 
Rillig, 2006; Smith et al., 2009; van der Heijden, 2010). 
The benefits of AMF may be critical to increasing 
agricultural yields and productivity in a low-input 
manner. 
Various reports illustrate participation of plant growth 
promoter bacteria (PGPR) in dissolution of nutrients like 
phosphorous, potassium and iron and their ability to 
produce phytohormones, vitamins and siderophores 
(Vessey, 2003; Asadi Rahmani et al., 2012). If PGPR are 
inoculated along with AMF, then result in promoting plant 
growth and development by dissolution of nutrients like 
phosphorous from both mineral and organic sources and 
their transfer to the rhizosphere which in turn, improve 
AMF establishment (Watanarojanaporn et al., 2013; Hata 
et al., 2016; Luginbuehl et al., 2017).  
In recent years, many paddy soils have experienced 
salinity and this has been caused severe yield loss in crop 
like rice. In general, salinity has become a problem in 
cropping fields especially under unconventional 
irrigations (Kamyab-Talesh et al., 2014). In this regard, 
salinization of some seasonal and permanent rivers have 
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been considered as the threats of salinity problems in rice 
fields in Northern Iran. Attempts for decreasing soil 
salinity with current methods are usually expensive 
(Navabian and Aghajani, 2012). Therefore, the present 
study was conducted to improve physiological and 
agronomic traits of rice cultivars in a paddy saline soil 
using an inexpensive and useful method in north of Iran. 
 
 
2. Material and Methods 
2.1. Experimental site and plant growth conditions 
The two field experiments were carried out at the 
experimental flooded paddy rice field of Islamic Azad 
University, Astara, Gilan province, Iran (38° 21' N 48° 
50' E, 25 m a.s.l.) in saline and normal soil at 2018 and 
2019. The region is characterized by the humid 
subtropical climate, with an annual average air 
temperature of 15.9 °C, precipitation of 1,429 mm, 
sunshine of 1,866 h, and frost-free period of 331 days. To 
simplify the comparison of the growing season weather, 
we considered the monthly total precipitation and 
temperature from May through August at the Rasht 
Agricultural Research Farm (Figure 1). 
In order to determine soil characteristics, in both 
years soils (saline and normal soils) sampling were 
performed before the experiment. To do this, field soils 
sampling were done from the depth of 0–30 cm in eight 
spots. Then the collected samples sent to the laboratory 
in order to determine soil texture and the chemical 
composition. Properties of experimental soil samples are 
given in Table 1. 
In the saline field, soil electrical conductivity (EC) 
increased from May with increasing air temperature, 
evaporation and solute uptake as shown in Figure 2. 
  
Figure 1. Monthly precipitation and temperature from May to August for the growing season (2018–2019) at the Astara 
experimental field. 
 
Table 1. Soil Physical and chemical characteristics of the soil at 2018 and 2019 
 Year 
Potential 
of 
Hydrogen 
(pH) 
Electrical 
Conductivity 
(EC) 
Organic 
Carbon 
(OC) 
Total 
Nitrogen 
(N) 
Available 
Phosphorus 
(P) 
Available 
Potassium 
(K) 
Lime 
(CaCO3) 
 Sand Silt  Clay 
(dS m-1) (%) (mg kg-1) (%) 
Normal 2018 6.18 0.678 2.34 0.218 19.92 234 4.0 17.3  37.5  45.2 
2019 6.4 0.509 2.01 0.241 17.51 251 4.4 18.4  37  44.6 
Saline 2018 6.3 1.88 1.75 0.175 15.6 161.7 10.1 17.3  32.6  50.1 
2019 7.1 1.76 1.48 0.132 16.13 172.3 9.5 19.9  30.4  49.7 
 
 
Figure 2. Trends changes of soil salinity (EC) during plant growth in saline soil. 
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2.2. Experimental Design and Treatments 
The experiments were carried out in a split plot 
factorial trial based on Randomized Complete Block 
Design (RCBD) with three replications in two different 
soils. Experimental factors consisted of soil condition 
(saline and normal soil) as main plot and rice cultivars 
(Hashemi and Gilane), microorganisms (Pseudomonas 
putida strain S34, Pseudomonas fluorescens strain R167, 
Arbuscular mycorrhizal fungi (AMF) (Rhizophagus 
irregularis), co-inoculation of Pseudomonas putida + 
Pseudomonas fluorescens + AMF, and a non-inoculated 
treatment as control). 
 
2.3. Bacterial Inoculant Preparation and Sowing 
Conditions 
Microorganisms isolated from the roots of 
field−grown rice were kindly provided by the Soil 
Microbiology Collection of Iran at Soil and Water 
Research Institute (SWRI).  
The rice cultivars used in this experiment were 
Hashemi and Gilane, for which the growth period ranges 
from 118 to 140 days from sowing date to physiological 
maturity. Consistent with the lowland paddy field 
practices in north of Iran, rice seeds were sown in a 
nursery seedbed on 10 April. Before sowing, rice seeds 
were soaked by Arabic gum and active bacteria were 
added to seeds. After seeds inoculation with 1000 ml of 
bacterial suspension (108 CFU ml−1), seeds were dried on 
a surface sterilized plastic sheet in laminar flow. 
Additionally, for non−inoculation treatments (control) 
the rice seeds were treated with inoculant-free autoclaved 
saline solution (0.85% NaCl).  
The AMF inoculum contained colonized root 
fragments, sand, AMF hyphae and spores. The inoculum 
was blended with an inert material for solution and 
homogenizing the distribution in the soil. A 50-g portion 
of inoculum was added to each seed tray at sowing time 
just below the seeds (Vázquez et al., 2002). 
Rice seedlings (27−day−old) transplanted into the 
experimental plots. Seedlings were manually transplanted 
on 17 May at a hill with 0.20 × 0.20 m spacing, with three 
seedlings per hill. The plot size was 12 m2 (3 m × 4 m) 
with 300 hills per plot. All plots were separated by 60 cm 
ridges to stop the movement of water/bacteria. Weeds 
were controlled by hand weeding during the growth 
season. The permanent flood water level was maintained 
at 10 cm during the rice growing period.  
 
2.4. Plant sampling 
In growth stages of rice at T (tillering), P (panicle 
differentiation), H (heading), D (soft dough) eight 
randomly chosen plants were removed from each plot 
and in the flag leaves, total chlorophyll (chlorophyll a + 
b) content were determined by Arnon (1949) method. At 
maturity stage, rice grain yield (based on 14 % humidity) 
was determined from 2.5 m2 per plot. Moisture content 
of grains was measured using a digital grain moisture 
meter (Model GMK– 303R5–Korea) and grain yield per 
plot was calculated as ((100 – moisture content of the 
sample) × fresh grain weight)/86 to convert the sample to 
14 % moisture content. Yield components, that is, 
number of tiller, number of filled and unfilled grains and 
1000–grain weight, were determined from 12 plants 
(excluding the border ones) sampled randomly from each 
plot. To determine aboveground biomass, a 1 m2 sample 
from each plot was randomly chosen and placed in a 
separate paper bag, dried at 72 °C for 48 h, weighed, and 
expressed as the biological yield (dry weight of above–
ground plant) per hectare. Harvest index was the 
proportion (percentage) of filled grain weight to 
biological yield.  
In flowering stage, three randomly chosen plants 
were removed from each plot for measuring leaf N 
concentration, flag leaves were grounded to pass through 
a 1–mm sieve. N concentration was determined using 
micro–Kjeldahl (Emami, 1996).  
At soft dough stage the CAT activity (EC 1.16.1.6) 
was assayed according to the procedure of Aebi (1983) 
by monitoring the rate of decomposition of H2O2 at 240 
nm in the reaction mixture consisting of 50 mM 
potassium phosphate buffer, 10 mM H2O2 and the crude 
enzyme solution. The content of H2O2 was determined 
according to Loreto and Velikova (2001).  
Proline content in leaf tissues was measured via 
reaction with ninhydrin (Bates et al., 1973). For 
colorimetric determinations, a solution of proline, 
ninhydrin acid and glacial acetic acid (1:1:1) was 
incubated at 90 ºC for 1 h. The chromophore was 
extracted using 2 ml of toluene and its absorbance at 
520 nm was determined by a BioMate spectrophotometer 
(Shimadzu UV-160, Japan). 
 
2.5. Statistical analysis 
All data were subjected to analysis of variance 
(ANOVA) using SAS 9.3 software. When F test indicated 
statistical significance at P<0.01 or P<0.05, the least 
significant difference (LSD) was used to separate the 
means. 
 
 
3. Results and Discussion 
3.1. Total Chlorophyll content 
Results of the chlorophyll content over the growing 
season revealed that in most treatments, this trait was 
increased until grain filling period and then was 
decreased in soft dough level. Leaf chlorophyll content 
of Hashemi cultivar changed from 6.13 mg g-1 FW 
(control) to 8.89 mg g-1 FW (Pseudomonas fluorescens) 
and from 2.30 mg g-1 FW (control) to 4.93 mg g-1 FW 
(AMF) in normal and saline soils, respectively (Figure 3). 
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Such rates for Gilane cultivar changed from 3.05 mg g-1 
FW (control) to 6.13 mg g-1 FW (P. fluorescens) and 
from 3.04 mg g-1 FW (control) to 4.45 mg g-1 FW (AMF) 
in normal and saline soils, respectively (Figure 4).  
In stage of panicle differentiation, leaf chlorophyll 
content of Hashemi cultivar changed from 5.71 mg g-1 
FW (control) to 10.29 mg g-1 FW (P.fluorescens) and 
from 2.30 mg g-1 FW (control) to 3.95 mg g-1 FW (AMF) 
in normal and saline soils, respectively (Figure 3). In 
Gilane cultivar, it was changed from 5.21 mg g-1 FW 
(control) to 9.83 mg g-1 FW (P.fluorescens) and from 
3.92 mg g-1 FW (co-inoculated) to 5.27 mg g-1 FW 
(P.fluorescens) in normal and saline soils, respectively. 
In stage of heading, leaf chlorophyll content of Hashemi 
cultivar changed from 7.09 mg g-1 FW (control) to 12.7 
mg g-1 FW (P.fluorescens) and from 2.30 mg g-1 FW 
(control) to 4.63 mg g-1 FW (MIX) in normal and saline 
soils, respectively (Figure 3).  
In Gilane cultivar, it was changed from 7.82 mg g-1 
FW (control) to 9.46 mg g-1 FW (P.fluorescens) and 
from 3.41 mg g-1 FW (co-inoculated) to 6.59 mg g-1 FW 
(Pseudomonas putida) in normal and saline soils, 
respectively (Figure 4).  
In most treatments, leaf chlorophyll content was 
increased until heading stage and significantly decreased 
towards soft dough but in Hashemi cultivar treated with 
AMF and P.fluorescens under saline soil, this rate was 
decreasing from heading to soft dough (Figure 4). 
 
 
 
Figure 3. Mean comparison of effect of saline soil and microorganisms on total chlorophyll content in growth stages of rice (Hashemi).  
 
 
 
Figure 4. Mean comparison of effect of saline soil and microorganisms on total chlorophyll content in growth stages of rice (Gillaneh).  
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3.2. H2O2 content 
Based on the results, only the interaction effect of 
microorganisms × cultivars was significant on leaf H2O2 
content (Table 2). In all treatments, soli salinity resulted 
in increasing of this trait but this increment was lower in 
those treated with microorganisms. Although in both 
soils, plants treated with microorganisms decreased H2O2 
content than control but, the lowest rate was achieved 
from co-inoculated (Figure 5). 
 
Figure 5. Mean comparison of effect of soil condition × 
microorganisms on H2O2 content. 
 
3.3. CAT activity 
Soil salinity increased CAT activity in both years and 
cultivars, and significant difference was observed among 
microorganisms (Table 2). Treatments showed different 
reactions to cultivars and soil conditions. Although 
inoculated plants in normal soil showed more activity 
than control (in first year 6-31% and second year 9-47%) 
but the highest CAT activity was achieved from 
inoculation with P.fluorescens (Gilane) and with 
P.putida (Hashemi) (Figure 6A).  
In saline soil, plants treated with Pseudomonas had 
not significant difference with control or showed lower 
CAT activity while AMF and co-inoculated plants gained 
the highest activity than control so that, this rates for 
Gilane cultivar in first and second year were 17-30% and 
62-68% and in Hashemi cultivar, the rates were 45-65% 
and 45-57% for first and second years, respectively 
(Figure 6B). 
 
3.4. Proline content 
Soil salinity increased proline synthesis from 7.3 
µmol g-1 FW (mean of treatments in normal soil) to 61.6 
µmol g-1 FW (mean of treatments in saline soil) and most 
treatments had superiority to control in both years and 
cultivars. In normal soil, the highest leaf proline content 
of Gilane cultivar in both years was achieved by applying 
P.fluorescens and by P.putida in Hashemi cultivar 
(Figure 7A). In saline soil, both inoculated cultivars in 
both years showed superiority to control of about 29-59% 
(first year) and 5-33% (second year) for Gilane and 17-
41% (first year) and 10-63% (second year) for Hashemi 
cultivar. The highest leaf proline content was observed in 
inoculation with P.putida followed by co-inoculated 
plants (Figure 7B). 
 
 
Table 2. Analysis of variance of soil condition × microorganisms effect on agronomic traits of rice cultivars in 2018 and 2019 
S.O.V 
  MS (Mean Square)    
In flag leaf Plant 
height 
Stem 
diameter 
Fertile 
tiller number CAT H2O2 Proline N 
Y 94635** 290ns 474333ns 0.000018ns 12.5ns 0.014ns 93.7ns 
S 222224** 10562** 602855910** 0.0087** 183** 0.170ns 12412** 
Error 1 609 9802 474333 0.00042 33.6 0.258 302 
C 28241* 5381ns 50974327** 0.0051** 115** 0.159ns 1118** 
M 31758** 803** 260679398** 0.00125** 106** 0.174ns 3584** 
S × Y 17293* 201.3ns 167881389** 0.0076** 123** 0.29* 11016** 
C × Y 834ns 191ns 1371306** 0.000033ns 33.2ns 0.081ns 69.1ns 
M × Y 23670** 158.4ns 2375ns 0.000096ns 71.7ns 0.007ns 1945** 
S × C 184ns 122.5ns 16058ns 0.000266ns 106** 0.158ns 1787 ** 
S × M 19881** 1496** 153748570** 0.00049ns 487** 0.00048ns 83.2ns 
C × M 5025ns 67.7ns 399448732** 0.00376** 1450** 0.002ns 2343** 
M × C × S 79088** 251.6ns 1479386** 0.00674** 591** 0.0036ns 1937** 
Y × S × C 67401** 81.59ns 456206137** 0.000292ns 244** 32.1** 5133** 
Y × S × M 36399** 320.1ns 221959528** 0.000482ns 192** 0.0536ns 1663** 
Y × C × M 27183** 83.54ns 540562731** 0.0000163ns 873** 0.0035ns 1674** 
Y × S × C × M 49184** 62.354ns 22482861** 0.0000150ns 96.5* 0.0093ns 680* 
Error 2 3458 162 937562 0.000396 31.5 0.019 284 
CV (%) 2.232 8.01 5.72 4.81 4.95 4.61 5.48 
Y: Years, S: Soil condition, C: Cultivars, M: Microorganisms. 
** P <0.01, * P <0.05, ns not significant. 
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Figure 6. Mean comparison of interaction effect of cultivars × microorganisms on CAT activity in normal (A) and saline (B) soil. 
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Figure 7. Mean comparison of interaction effect of cultivars × microorganisms on proline content in normal (A) and saline (B) soil.  
 
3.5. Leaf N concentration 
Investigation of leaf nitrogen concentration revealed 
that soil condition × cultivars × microorganisms 
interaction was significant (Table 2). In both soil 
conditions, inoculated plants significantly resulted in 
higher leaf nitrogen concentration and this increment was 
12-27% in normal soil (10-21% in Hashemi and 14-27% 
in Gilane) and 7-23% in saline soil (12-23% in Hashemi 
and 7-13% in Gilane). Although salinity remarkably 
decreased nitrogen concentration in all treatments but 
response of treatments especially pseudomonas species 
to cultivars and changes in soil conditions was different 
so that, ordering of inoculated treatments varied from 
normal to saline soil and from Guilneh to Hashemi 
cultivar (Figure 8). 
 
3.6. Plant height and stem diameter 
Results revealed that soil condition × cultivars × 
microorganisms interaction in both years was significant 
on plant height (Table 3). Soil salinity decreased this trait 
(8-17% in first year and 11-24% in second year) but 
microorganisms increased this trait in normal soil (2.4-
19% in first year and 6.9-52% in second year) and saline 
soil (8.6-17.4% in first year and 11.9-28% in second 
year) than control. This increment was more obvious in 
saline soil. Although there was no significant difference 
among some microorganisms but higher height was seen 
in plants treated with mycorrhiza (AMF and co-
inoculated) (Table 4).  
Opposed to plant height, stem diameter was not 
affected by microorganisms but soil condition × cultivars 
interaction effect was significant on stem diameter in 
both years (Table 3) so that, salinity decreased stem 
diameter in both cultivars and Gilane showed higher 
amount than Hashemi (Figure 9). 
3.7. Number of tiller 
In both years, soil condition × cultivars × 
microorganisms interaction effect was significant on 
number of fertile tiller and also panicle (Table 3). In both 
years, salinity decreased number of fertile tiller but this 
decrease was lower in inoculated plants than control so 
that, inoculated plants in first year showed 3-22% (Gilane 
with 12-22% and Hashemi with 4-19%) and in second 
year showed 5-17% (Gilane with 6-17% and Hashemi 
with 5-14%) increment than control. On the other hand, 
number of tiller per inoculate plants under normal soil 
conditions (except P.putida) was significantly higher 
than control (Table 5). Under normal soil conditions, 
although number of panicle per plants inoculated with 
Pseudomonas was higher than control but, the highest 
rate was observed in AMF inoculation (2-19% in first 
year and 4-21% in second year). Superiority of 
inoculated plants under saline soil conditions to control 
plants was prominent so that, increase in number of 
panicles in inoculated plants as 14-31% in first year and 
9-27% in second year was observed than control.  In both 
cultivars, the highest rates of number of tiller and panicle 
were achieved in mycorrhizal treated (AMF and co-
inoculated) plants however, Hashemi better responded to 
inoculation than Gilane cultivar (Table 4).  
 
3.8. Filled grain number per panicle 
In both years, soil condition × cultivars × 
microorganisms interaction effect was effective on filled 
grain number per plant (Table 3). By decreasing anthesis 
and increasing hollow grains, salinity resulted in decrease 
in grain number per panicle. Inoculation with 
microorganisms especially Pseudomonas-AMF increased 
grain number and inhibited hollow grains. The highest 
grain number in both soil conditions was achieved from 
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co-inoculated plants so that, increase of 19 and 32% (first 
year) and 12 and 26% (second year) in grain number under 
normal soil conditions was observed in Hashemi and 
Gilane cultivars, respectively. These rates under saline soil 
conditions included 24 and 47% (first year) and 36 and 
52% (second year) for Hashemi and Gilane cultivars, 
respectively. Although there was insignificant difference 
between AMF and co-inoculated plants under normal soil 
conditions but this difference was not significant under 
saline soil conditions. In fact, effect of AMF on grain 
number was superior to Pseudomonas species in saline soil 
(Table 5). 
 
3.9. Percent of unfilled grains  
Based on the results, soil condition × microorganisms 
interaction effect was significant on percent of unfilled 
grains (Table 3). Salinity remarkably increased percent of 
unfilled grains leading to grain yield loss. Although some 
inoculated treatments had no significant difference to 
control under normal soil conditions but significantly 
decreased percent of unfilled grains in saline soil (Figure 10). 
 
3.10. 1000 grain weight 
In both years, soil condition × cultivars × 
microorganisms interaction effect was significant on 
1000 grain weight (Table 3). In Gilane cultivar, plants 
inoculated with microorganisms especially 
Pseudomonas species, showed more 1000 grain weight 
in both normal and saline soils but in first year, there was 
no significant difference between inoculated and control 
plants of Hashemi cultivar and in second year, inoculated 
plants except co-inoculated plants had superiority to 
control but in saline soil, AMF plants gained lower 1000 
grain weight than control in both years although 
inoculated with Pseudomonas species showed higher 
1000 grain weight (Table 5). 
 
3.11. Total biomass 
In both years, soil condition × cultivars × 
microorganisms interaction effect was significant on total 
biomass (Table 3). In both normal and saline soils, 
inoculated plants showed higher total biomass than 
control so that, in first year, under normal soil conditions 
this increment was 4-32% (4-15% for Gilane) and 25-
32% for Hashemi) and under saline soil conditions was 
26-37% (29-33% for Gilane and 25-37% for Hashemi). 
In second year, under normal soil conditions this 
increment was 5-23% (4-15% for Gilane) and 25-32% for 
Hashemi) and under saline soil conditions was 29-61% 
(34-61% for Gilane and 29-53% for Hashemi). Among 
the microorganisms, co-inoculated plants gained the 
highest biomass in both cultivars and P.putida had the 
lowest rate than the others (Table 5). 
 
3.12. Grain yield 
In both years, there were significant differences 
among treatments for grain yield, under normal and 
saline soil conditions (Table 3). However Hashemi 
cultivar gained higher grain yield than Gilane in both 
years and soil conditions but, salinity decreased grain 
yield of 55% (first year) and 68% (second year) from 
which, Gilane contributed to 67% (first year) and 45% 
(second year) amounts. These rates for Hashemi were 
72% (first year) and 64% (second year). In both years, 
microorganisms increased grain yield under both soil 
conditions and their impact was prominent under salinity 
conditions so that, increased grain yield in normal soil of 
25-34% (first year) and 21-55% (second year) and in 
saline soil of 22-45% (first year) and 45-67% (second 
year). The highest grain yield both in normal or saline 
soils was achieved from co-inoculated plants (Table 5). 
 
3.13. Harvest index 
Based on the results, soil condition × microorganisms 
interaction effect was significant on harvest index (Table 
3). Salinity decreased assimilates remobilization from 
different parts to the grains. In normal soil, Pseudomonas 
species decreased harvest index than control but AMF 
and co-inoculated plants showed significant superiority 
to control while in normal soil, treatments except 
P.putida significantly increased harvest index than 
control (Figure 11). 
 
 
Figure 8. Mean comparison of interaction effect of cultivar × microorganism × soil conditions on N concentration. 
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Figure 9. Mean comparison of interaction effect of soil condition × cultivars on stem diameter. 
 
 
 
Figure 10. Mean comparison of soil condition × microorganisms effect on percent of unfilled grains. 
 
 
 
Figure 11. Mean comparison of soil condition × microorganisms effect on percent unfilled grains. 
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Table 3. Analysis of variance of microorganisms × soil condition effect on agronomic traits of rice cultivars in 2018 and 2019. 
S.O.V 
  MS (Mean Square)    
Panicle 
number 
Filled grain 
number 
Percent of 
unfilled grains 
1000 – grain 
weight 
Grain 
yield 
Total 
biomass 
Harvest 
index 
Y 12.1** 38.1ns 11.5ns 0.561ns 8093ns 91885ns 3.32ns 
S 23.06** 1101** 77.7** 99.3** 553776** 80041500** 12.32** 
Error 1 0.117 26.8 7.22 0.768 7645 142637 1.016 
C 0.010ns 640** 1.3ns 81.3** 4663348** 433500ns 5.073ns 
M 0.375ns 310** 67.2** 4.36** 621839. ** 2651416** 31.7** 
S × Y 1.410** 79.3ns 3.84ns 2.67** 2278088** 13537500** 0.730ns 
C × Y 1.94** 211** 2.85ns 0.590ns 1489980** 1631916** 0.540ns 
M × Y 0.227ns 425** 4.17ns 1.846** 280401** 888916** 1.7ns 
S × C 1.156** 284** 5.8ns 2.93** 326330** 577083** 8.60ns 
S × M 0.104ns 285** 65.0** 42.5** 12326* 2417632** 22.7** 
C × M 0.651ns 1036** 2.80ns 3.05** 1647265** 6723235** 5.22ns 
M × C × S 3.956** 24.3ns 4.62ns 3.12** 64920051** 39569343** 0.941ns 
Y × S × C 0.028ns 912** 2.56ns 10.8** 1636801** 14061168** 0.066ns 
Y × S × M 0.419ns 269** 4.13ns 15.6** 533311** 4050073** 1.19ns 
Y × C × M 0.366ns 815** 2.26ns 2.59** 991992** 7654504** 0.360ns 
Y × S × C ×M 0.925** 433** 3.6ns 12.4** 22590** 638059* 1.108ns 
Error 2 0.185 21.5 3.49 0.592 4318 227513 2.73 
CV (%) 7.08 5.59 9.17 3.72 2.36 6.32 4.5 
Y: Year, S: Soil condition, C: Cultivars, M: Microorganisms. 
** P <0.01, * P <0.05, ns not significant. 
 
 
Table 4. Mean comparison of soil condition × microorganisms effect on agronomic traits of rice cultivars in 2018 and 2019 
Cultivars Microorganisms 
Plant 
height (cm) 
Fertile tiller 
number m-2 
Panicle number 
plant-1 
Filled grain 
number panicle-1 
2018 2019 2018 2019 2018 2019 2018 2019 
     Normal soil   
 P.putida 106e 109ef 280g 310bc 6.33bcd 6.8abc 76.7e 92.0de 
 P.fluorescens 116d 111ef 285fg 315bc 6.20cd 6.73bc 74.1e 98.7cd 
Gilane AMF 107e 114def 316d 323ab 6.93abc 7.26ab 78.3de 99.0cd 
 Co-inoculum 117d 117cde 306de 338a 6.50bcd 7.00abc 82.5d 98.7cd 
 control 103e 104.f 260h 300c 6.10d 6.53c 67.6f 87.3e 
 P.putida 139b 123bc 374a 315bc 6.80bcd 7.26ab 98.9c 103bc 
 P.fluorescens 134bc 124bc 344b 315bc 6.86bcd 7.40ab 104.5bc 104.bc 
Hashemi AMF 138b 130b 331c 315bc 7.00ab 7.50a 104.8b 110b 
 Co-inoculum 148a 136a 283fg 325ab 7.66a 7.50a 110.6a 123a 
 control 132.c 115def 294ef 280d 6.46bcd 6.76bc 75.3e 92.3de 
     Saline soil   
 P.putida 99.0c 95.6cd 233bc 250ab 5.40ab 4.700cd 47.8e 50.10d 
 P.fluorescens 108.b 99.6bcd 254ab 270a 5.53ab 4.666cd 60.4cd 49.20d 
Gilan AMF 96.0c 98.0bcd 257ab 278a 5.60ab 4.733cd 51.6de 54.76d 
 Co-inoculum 101bc 104.6abc 264a 281a 5.73a 5.166bc 62.3cd 74.40c 
 Control 93.3c 79.3e 227cd 220c 4.93bc 4.300d 33.2f 36.50e 
 P.putida 93.3c 105.4ab 207d 215c 5.33abc 5.266abc 63.6bcd 75.56b
c  P.fluorescens 96.0c 104.0abc 234bc 235bc 5.66ab 5.300abc 71.9ab 81.46a
b Hashem AMF 108.b 106.333ab 239bc 264a 5.80a 5.533ab 75.4a 86.70a 
 Co-inoculum 112a 109.3a 260b 255a 5.86a 5.933a 76.3a 85.83a 
 Control 99.0c 93.3d 199d 211c 4.60c 5.066bc 59.9d 55.93d 
Means followed by the same letter are not significantly different (P < 0.05) as determined by Least Significant Difference (LSD) test. 
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Table 5. Mean comparison of soil condition × microorganisms effect on agronomic traits of rice cultivars in 2018 and 2019. 
Cultivars Microorganisms 
1000 – grain weight (g) Total biomass (t hm-2) Grain yield (t hm-2) 
2018 2019 2018 2019 2018 2019 
    Normal soil    
 P.putida 28.1a 27.46a 10507e 9920bc 3385e 3436f 
 P.fluorescens 27.8a 26.35ab 10734de 10437bc 3800de 5530cd 
Gilane AMF 26.5b 24.5cd 11233cd 9952bc 4634abcd 5728bc 
 Co-inoculum 26.7ab 23.8cde 11915b 10665b 4890abc 5892bc 
 control 26.4b 25.0bc 9833f 8601d 2176f 3274f 
 P.putida 24.8c 23.9cde 11424bc 9958bc 4434bcd 5023d 
 P.fluorescens 24.6c 23.61de 11509bc 10439bc 5053ab 6199ab 
Hashemi AMF 24.5c 22.9e 12133b 12060a 5379ab 6285ab 
 Co-inoculum 24.2c 21.39f 13207a 12172a 5578a 6582a 
 control 23.6c 21.60f 10210e 9456cd 3991cde 4163e 
    Saline soil    
 P.putida 24.00a 22.9ab 4233d 4566d 629h 585g 
 P.fluorescens 23.1ab 23.5a 4346d 4643d 1002g 1039f 
Gilan AMF 23.6ab 21.3cd 4924bc 3819e 1282ef 1424d 
 Co-inoculum 22.1cd 21.9bc 5057bc 6076c 1468d 1791c 
 control 22.6bc 20.4de 2756e 2485g 595i 294h 
 P.putida 23.4ab 21.4cd 5065bc 3870e 1502de 1107e 
 P.fluorescens 21.3de 21.0cd 5433ab 6378b 1768c 1048e 
Hashem AMF 20.7ef 19.1ef 5829a 5885c 1916b 1764b 
 Co-inoculum 19.7f 18.9f 5748a 6665a 2213a 2138a 
 control 20.8e 20.3de 3433d 2741f 1213f 923g 
Means followed by the same letter are not significantly different (P < 0.05) as determined by Least Significant Difference (LSD) test. 
 
In this study, soil salinity decreased growth and yield 
of rice cultivars in both years which is due to inhibitive 
impact of salinity such as photosynthesis, water and 
nutrient elements uptake which in turn, inhibits growth 
and cell division (Grattan and Grieve, 1999; Hasegawa et 
al., 2000; Tofighi et al., 2017). Decrease in synthesis of 
photosynthetic pigments (chlorophyll a, chlorophyll b, 
and carotenoids) is one of the important impacts of 
salinity leading to decrease in photosynthetic capacity 
(Jogawat et al., 2013; Campanelli et al., 2013; Porcel et 
al., 2015). In our work, under normal soil conditions, 
chlorophyll increment lasted to panicle differentiation 
stage but soil salinity decreased leaf chlorophyll content 
of both cultivars after maximum tillering stage and it 
lasted until soft dough, but inoculated plants inhibited 
intensity of chlorophyll loss and improved its synthesis.  
Under both soil conditions, inoculated plants showed 
higher chlorophyll content than control and in saline soil, 
co-inoculated plants contained higher rates than the other 
treatments. This is in accordance with findings of Jha and 
Subramanian (2015), Tofighi et al. (2017), and 
Bhambure et al. (2018). Zhu et al. (2014), attributed 
increase in chlorophyll content of inoculated plants to 
increase in minerals uptake especially phosphorous and 
manganese. Jha and Subramanian (2013) and Porcel et al. 
(2015) revealed that PGPR (Plant Growth Promoting 
Rhizobacteria) and AMF rice plants possessed higher 
Rubisco activity under salinity conditions and impact of 
these microorganisms on lower metabolic limitations of 
photosynthesis than control plants has been revealed 
(Evelin et al., 2009; Neto et al., 2014; Chen et al., 2014). 
Rubisco activity highly is correlated with CO2 
assimilation (Evelin et al., 2013). Same to our results, 
Porcel et al. (2016) and Yan et al. (2015) found that 
increase in photosynthetic activity and growth in rice 
inoculated with AMF and PGPR (plant growth 
promoting rhizobacteria) may be due to non-stomatal 
factors like increase in chlorophyll a content and Rubisco 
activity. 
On the other hand, salinity limits atmospheric CO2 
absorption by stomata closure and decreases NADPH 
consumption by Calvin cycle (Levine et al., 1994) and 
induces synthesis of the   oxidative metabolism products 
such as single oxygen (1O2), Superoxide radicals (O2˚¯), 
hydroxyl radicals (OH•) and H2O2 (Levine et al., 1994; 
Lee et al., 2001; Miller et al., 2010). In our research, 
inoculated plants especially co-inoculated ones and AMF 
significantly decreased Leaf H2O2 content than control 
however, in absence of the salinity, no prominent 
difference was observed between inoculated plants and 
control. In this work, it was revealed that in normal soil, 
inoculated plants possessed higher activity of catalase 
(CAT) than control (6-31% in first year and 9-47% in 
second year) and the highest activities in Gilane and 
Hashemi cultivars were achieved from plants inoculated 
with P.fluorescens and P.putida while plants inoculated 
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with Pseudomonas species showed insignificant 
difference with control under salinity conditions and the 
highest CAT activities were observed in AMF and co-
inoculated plants so that, these treatments increased CAT 
activity in Gilane of 17-30% (first year) and 62-68% 
(second year), and in Hashemi of 45-65% (first year) and 
45-57% (second year) than control.  
Results of the present work support the findings of the 
past studies reporting the increase in antioxidant 
enzymatic activity by AMF (Fernández et al., 2011; 
Porcel et al., 2015) and P. pseudoalcaligenes (Bal et al., 
2013) inoculation, in response to salinity stress. Han and 
Lee (2005) and Jha and Subramanian (2013) reported that 
induction of antioxidant enzymes like CAT, POD, and 
SOD synthesized by growth promoting microorganisms 
may be considered as a salt-tolerant mechanism in paddy 
plants which are involved in eliminating H2O2 from salt-
stressed plants. Also, Alguacil et al. (2003) and Evelin et 
al. (2009) reported that AMF symbiosis inducing 
activities of several antioxidant enzymes may be the 
indirect result of the AMF effects on host plant growth 
and acquisition of P or N. However, there exist various 
reports about affecting pathways of AMF and 
Pseudomonas species on antioxidative enzyme activity 
of rice under salinity stress which could be due to the 
diversity of the microorganisms, soil conditions, type of 
environmental stress and plant cultivar (Parvin et al., 
2019; Yasmeen et al., 2019). 
One of the other impacts of PGPR and AM, especially 
bacteria with the potential of ACC deaminase synthesis 
is to produce secondary metabolites like proline, under 
drought and salinity which is in accordance with findings 
of this work demonstrating increase in the proline 
synthesis from 7.3 µmol g-1 FW to 61.6 µmol g-1 FW 
under salinity conditions and superiority of the most 
treatments to control in both years and cultivars. In 
normal soil, the highest leaf proline contents of Gilane 
and Hashemi cultivars were obtained from P.fluorescens 
and P.putida, respectively, but in saline soil and both 
cultivars, the highest rates were observed in plants 
inoculated with P.putida followed by co-inoculated 
plants. 
Proline is an N containing compound; therefore, 
increased N uptake by plants leads to raised proline 
biosynthesis, which results in increased proline content 
in plants (Campanelli et al., 2013). Comparison of mean 
data on protein content of flag leaf demonstrated that 
under normal and saline soil conditions, the inoculated 
treatments had significant effects on protein content. 
Salinity stress changed some metabolism pathways in 
addition to reducing plant growth and development 
(Demirevska et al., 2008; Ahmadpour et al., 2016). These 
changes can make plants resistant to stress (Bian and 
Jiang, 2008). During dehydration, intense and prolonged 
stress caused by reduced water availability increases the 
compatible osmolites inside the cells, which increases 
osmotic potential (Bian and Jiang, 2008). Expression of 
a series of proteins increases under abiotic stress 
conditions such as drought, salinity, heat, and cold. These 
proteins play a role in plant adjustment to stress 
conditions. Moreover, they have an important role in 
osmotic adjustment by plants under conditions of drought 
and salinity (Ahmadpour et al., 2016). The soluble 
proteins are as follows: dehydrins, synthesis enzymes of 
metabolites and heat-shock proteins (Hsps) (Demirevska 
et al., 2008). Accumulation of solutes such as proline and 
soluble protein, leads to reduction of cells osmotic 
potential therefore, plays an important role in increasing 
the uptake of water from the soil and maintain turgor 
pressure (Rahbarian et al., 2011).  
Resulted findings of this work suggest that one of the 
reasons for decreasing leaf N concentration under salinity 
conditions is synthesis of proline and other compatible 
osmolite, in addition to limitations in N uptake. In other 
words, synthesis of these compounds is costly for plant 
and these elements and synthesized compounds are used 
for increasing salt stress tolerance rather than plant 
growth and thus, decrease yield so, both AMF and 
Pseudomonas treatments independently as well as their 
interactions which may improve growth and tolerance by 
enhancing nutrient availability, water uptake and 
hydraulic conductivity which leads to metabolic changes 
including increased protein biosynthesis that decreases 
growth inhibition under salt stress (Mathur and Vyas, 
2000; Evelin et al., 2009; Campanelli et al., 2013). 
Nitrogenous heterocycles are the raw materials 
required for protein biosynthesis so an increase in protein 
content in leaves is directly related to an increase of 
nitrogen uptake by the plants (Atik, 2013; Hosseinzadeh 
et al., 2017).  
Soil salinity decreased plant height of both cultivars in 
first and second years, of about 8-17% and 11-24% than 
normal conditions but inoculation under normal conditions 
(2.4-19% in first year and 6.9-52% in second year) and 
saline conditions (8.6-17.4% in first year and 11.9-28% in 
second year) increased plant height than control. The 
highest plant height in both cultivars was observed in AMF 
and co-inoculated plants. Based on the findings of Ruiz-
Lozano et al. (2012), during the salt stress, AMF symbiosis 
exerts vast morphologic changes in rice that provides it for 
salt tolerance and the majority of these changes these 
changes concern vacuolar or cytoplasmic membrane 
systems. Ansari et al. (2018) reported that under drought 
stress, plants with higher heights may increase final grain 
weight and yield during the grain filling by remobilization 
process. On the other hands, rice grain yield is a function 
of different components like fertile tiller number, panicle 
number, grain number and grain weight so, impact of 
treatments on grain yield is defined by impacting on yield 
components.  
38     Alleviation of soil salinity on rice cultivars physiological and agronomic traits using Arbuscular mycorrhizal fungi and… 
 
Revista de Agricultura Neotropical, Cassilândia-MS, v. 7, n. 1, p. 25-42, jan./mar. 2020. 
Number of fertile tillers and panicles under both soil 
conditions were increased as a result of inoculations 
except P.putida. Increase in number of tiller and panicle 
was observed in co-inoculated plants however, not 
significant difference with AMF plants was observed in 
some conditions. Increase in number of tiller, panicle and 
grain in plants inoculated with AMF under salt stress has 
been reported in wheat (Fernández et al., 2011; 
Pellegrino et al., 2012; Zhang et al., 2015) and in wheat 
(Talaat and Shawky, 2011). Increase in these components 
impact on grain yield in rice which is in accordance with 
our findings. The reason for increase in grain components 
of AMF plants may be attributed to increase in macro-
nutrients uptake like N (Ansari et al., 2018), P (Daei et 
al., 2009) and K (Halder et al., 2015) especially in saline 
soil. Furthermore, AMF symbiosis alters rates of water 
flow in, through and out of plant (Bárzana et al., 2012; 
Jha and Subramanian, 2013) and its impact on improving 
root hydraulic conductivity, stomatal conductivity, and 
rate of gas exchange has been confirmed (Augé, 2004; 
Ruiz-Lozano et al., 2012; Bárzana et al., 2014). Krajinski 
et al. (2000) believe that under salt stress, Glomus 
deserticola impacts on genes encoding membrane-
associated proteins like aquaporin’s. Importance of all 
exerted treatments in rice grain yield and total biomass is 
distinguished under normal and saline soils.  
In both years, inoculated plants showed higher grain 
yield and total biomass in both cultivars and this increment 
was prominent in saline soil. Increase in grain yield than 
control under normal conditions in first year was 25-34% 
and in second year was 21-67%, and under salinity 
conditions in first year was 22-45% and in second year was 
45-67%. Increase in total biomass under normal conditions 
in first year was 4-32% and in second year was 5-23%, and 
under salinity conditions, these rates for first and second 
year were 26-37% and 29-61%, respectively. The highest 
total biomass and grain yield both in normal or salinity 
conditions were obtained from co-inoculated plants and 
Hashemi cultivar gained the higher rates than Gilane. This 
finding confirms importance of AMF symbiosis in growth 
improvement and yield of rice especially under stress 
conditions. Cause of the grain yield increase in inoculated 
plants may be attributed to nutrient uptake improvement 
and also, physiological changes like proline biosynthesis 
and enzymatic and non-enzymatic ROS scavenging 
pathway. These changes occurred in treated plants may be 
in relation to hormonal levels and enhanced uptake and 
translocation of water, and would translate into increased 
photosynthesis (Ruiz-Lozano and Aroca, 2010; Glick, 
2014; Bhambure et al., 2018).  
However, single inoculation of AMF and 
Pseudomonas species increased grain yield but the 
highest rates were observed in co-inoculated plants and 
their synergetic impact on grain yield and yield 
components was remarkable. These findings are same to 
that of Espidkar et al. (2017), Viollet et al. (2017) and 
Ansari et al. (2018). They demonstrated that colonization 
of AMF helper bacteria such as Pseudomonas, adhere to 
the root surface and improve AMF-plant symbiosis 
relations. Glick (2014) have presented main mechanisms 
of Pseudomonas spp in growth and yield increase of host 
plant as decrease in ethylene synthesis under 
environmental stresses, dissolution of P and K elements 
from soil resources and making them available for plant, 
and synthesis of phytohormones like Auxins and 
gibberellins. Impact of Pseudomonas spp. containing 
ACC-deaminase on grain yield increase under salinity 
stress has been confirmed by Arshad et al. (2008), Glick 
(2014), Bhambure et al. (2018), Yasmeen et al. (2019), 
Ma et al. (2019). 
 
 
Conclusions  
In both years and cultivars, the highest grain yield 
was obtained from co-inoculated plants and Hashemi 
cultivar was superior to Gilane in this regard. Higher 
grain yield in inoculated treatments may be due to 
increase in fertile tiller number, panicle number and grain 
per panicle. Microorganisms contributed to proline 
production and scavenging of H2O2 and reduction of 
growth limitations by improvement of environmental and 
physiological conditions of root and higher nutrient 
uptake. However, capability of AMF in developing water 
uptake by root surface should be considered. Inoculated 
treatments in most measured traits showed higher rates 
than control, bacterial inoculation raised efficiency of 
AMF and produced the highest grain yield and total 
biomass especially in Hashemi cultivar so, P.fluorescens 
+ AMF + P.putida treatments are advisable for rice 
cropping under saline soils. 
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